The current work extends recent studies of impression formation in a new domain: science communication. Scientists are increasingly encouraged and required to communicate their research to non-expert audiences, including politicians, businesses, and the general public (Scheufele, 2014) .
Such communication encompasses traditional media and new, web-based formats (e.g., vlogs). The outcomes of such communication shape people's beliefs about the physical and social world; they also contribute to funding decisions and career success, thereby influencing what science "gets done", and by whom (Lok, 2010) . However, although there is extensive research into scientist stereotypes (e.g., Schinske, Cardenas, & Kaliangara, 2015) , and into the possibility of gender/ethnicity bias in publication and hiring (Ford, Brick, Blaufuss, & Dekens, 2018; Moss-Racusin, Dovidio, Brescoll, Graham, & Handelsman, 2012) , there has been little study of the links between science communication outcomes and impressionistic assessments of core socio-cognitive traits.
One exploration of this issue was provided in a recent paper by Gheorghiu, Callan, and Skylark (2017) . Using photos of real scientists, these authors found that interest in a scientist's work was positively predicted by their apparent morality, competence, and attractiveness; in contrast, the extent to which they looked like a "good scientist" (who does important, high-quality work) was positively related to apparent competence and morality, but negatively predicted by apparent sociability and attractiveness. When the faces of scientists were paired with real science news stories/titles, they biased the selection and evaluation of these communications. For example, research was judged more positively when putatively authored by a competent-looking researcher.
These results help illuminate the traits that shape different aspects of the communication process. However, they are limited in several ways. First, although Gheorghiu et al. (2017) used real scientists and real science news stories, the news stories came from third-party science websites and were experimentally paired with scientists' faces. Thus, we do not know whether thin-slice impressions predict the evaluations of ecologically-valid communications produced by the scientists themselves. Second, the studies used text-based communications, yet there is increasing emphasis on video-based science communication (for example, Vsauce, a science channel on www.youtube.com, had more than 13m subscribers in April 2018), which affords more cues from which to form an impression of the communicator. Notably, Gheorghiu et al. found that (static) facial appearance exerted a larger influence on people's selection of science news stories when they believed they would be watching a video rather than reading an article.
The present paper therefore investigates whether speaker characteristics and thin-slice judgments predict the evaluations of real-world video communications: TED talks (www.ted.com).
TED talks are approximately 10-minute presentations of "ideas worth sharing", usually by a single speaker; many concern scientific topics. These videos are typically viewed several million times via the TED website and other platforms (e.g., YouTube). The number and popularity of TED talks, coupled with their relatively standardized format and production values, makes them ideal for an investigation of ecologically-valid science communication.
We showed one group of people short, silent video excerpts from TED talks and had them rate each speaker's apparent competence, morality, sociability, and attractiveness (Gheorghiu et al., 2017) . These thin-slice stimuli are like those used in previous studies of communicator impressionformation (e.g., Ambady & Rosenthal, 1993) and capture the visual cues that a person might use when viewing and evaluating a talk; ratings based on these cues therefore capture people's superficial trait judgments, rather than their first impressions --which might come from, for example, a photo of the speaker. A separate group of participants watched the full-length talks (complete with audio); each person saw five talks, and answered questions that probed their thoughts and feelings about each video. We then tested whether the communication outcomes (the evaluations based on the full videos) were predicted by the thin-slice-based impressions of the speakers and by basic speaker characteristics (age, gender, and ethnicity).
Based on the apparent ubiquity of impression effects, and the fact that people's reactions to science are often swayed by presentational factors (Eriksson, 2012; Harold, Lorenzoni, Shipley, & Coventry, 2016; Weisberg, Taylor, & Hopkins, 2015) , we expected that the thin-slice judgments would predict the communication evaluations. However, we did not make strong predictions about the pattern of effects, for two reasons. First, the dimensional structure of the predictors and outcomes was itself a subject of inquiry: we were open-minded about whether morality and sociability constitute distinct traits, or whether they comprise a single "warmth" variable (and therefore correlate very highly); likewise, we were open about the factor structure of the communication-evaluation questions. It is hard to formulate firm predictions about the relations between constructs that are not fully specifiable in advance. The second reason why we did not make strong predictions is that prior work suggests a potentially complex pattern of relationships.
For example, although it might be reasonable to suppose that apparent competence, sociability, and morality are positive traits that will lead to positive evaluations, these traits might differentially correlate with distinct outcomes. Sociability, for example, might positively predict whether a talk is seen as entertaining but be irrelevant to whether it is judged to contain high-quality scientific ideas (much as "warmth" is a relatively poor predictor of electoral success in the US; Rule et al, 2010 ; but see Olivola & Todorov, 2010) . Indeed, sociability and attractiveness may conflict with the stereotypical conception of a scientist, and therefore have negative consequences for science communication (Gheorghiu et al., 2017) . Similar ambiguity surrounds basic traits such as gender. On the one hand, female scientists are discriminated against in their working life (e.g., Ford et al., 2018) ; on the other, women are stereotypically better communicators than men (e.g., Briton & Hall, 1995) .
The unique contribution of any trait (demographic or socio-cognitive) is even harder to anticipate with confidence when one considers that all such traits are usually correlated to varying degrees.
We therefore formulated a careful and pre-registered plan for data collection and analysis, but conducted the work in a spirit of open enquiry rather than seeking to test specific directional hypotheses. We asked: How are people's evaluations of science TED talks related to basic characteristics of the speakers (age, gender, ethnicity, attractiveness), and to judgments of core socio-cognitive traits (competence, morality, and sociability) made on the basis of short, silent video clips?
Method
The study was pre-registered on the Open Science Framework (osf.io/hgfap). In part 1, participants viewed short, silent extracts from TED talks (hereafter referred to as "thin-slice videos") and rated the speaker on core socio-cognitive dimensions; we refer to these judgments as trait ratings. In part 2, a separate sample of participants watched the original TED talk videos in their entirety and judged the quality of these scientific communications; we refer to these judgments as communication evaluations.
Sample size and exclusion rules
The number of videos was based on obtaining at least 80% power to detect a medium-sized correlation (ρ = 0.3) between the speaker's characteristics and evaluations of the TED talks (Faul, Erdfelder, Lang, & Buchner, 2007) ; the sample gave 80% power to detect a correlation of r = .28 or greater. (The availability of suitable TED videos and of participants to watch them meant that a larger sample of videos was not feasible.) Participant samples sizes were chosen to ensure reliable estimates of the trait ratings for each speaker. For part 1, we aimed for a minimum of 16 participants per dimension. If the reliability (Cronbach's alpha) of the ratings for a given trait was below 0.7, we increased the sample size to 25.
We replaced participants who had zero variance in their ratings (n = 1) or were not native English speakers (n = 1). For part 2, we aimed for a minimum of 15 participants per video, and replaced participants who recognized more than 40% of the videos (n = 7) or were under 18 years old (n = 1).
Participants
For part 1, the final sample comprised 73 students (47 women) from the University of Essex's psychology volunteers email list; each was paid £8. Ages ranged from 18 to 63 (Mage = 23.3, SDage = 8.5). Eighty-one percent of participants reported being British; all were native speakers of English. Their average science engagement score (on a scale from 1 to 7) was 4.74, SD = 0.88.
For part 2, the final sample comprised 300 students and staff members (204 women) recruited through the psychology volunteers and "small ads" staff email lists at the University of Essex, and community forums, message boards, and posters in the local town. Participants were paid £6 for their time, increasing to £8 when the sign-up rate decreased. Ages ranged from 18 to 72 (Mage = 24.3, SDage = 12.4). 86% of participants reported being British, and all were native speakers of English. Their average science engagement score was 4.69, SD = 0.98.
Stimuli and Procedure
The stimuli were 100 TED talk videos from the science category of the TED talk website (https://www.ted.com/topics/science), edited to remove the "intro" and "outro" sequences (e.g., opening credits/TED logo), and any question-and-answer time with the speaker. We selected videos that were 5-14 minutes long (to minimise boredom), that contained no gruesome images, and whose speakers were unlikely to be well-known to a UK audience. We only chose videos which allowed us to obtain three 10-second video segments of the speaker, one from each third of the video. The gender (0 = male or 1 = female) and ethnicity (0 = white or 1 = non-white) of the speakers was coded by 2 independent raters with disagreements were resolved by a third rater (Table 1 ). The age of the TED speakers was coded by the same 2 independent raters, and averaged. We also recorded the length of each video (in seconds), and the age of the video (the time since the video was posted on the TED website, normalised to range from 0 for the newest video to 1 for the oldest).
Video Demographics
Composition Inter-rater agreement Gender 34 women, 66 men 1 Ethnicity 15 non-white, 85 white 0.93 Apparent age M = 42.9, SD = 10.7 0.92 Table 1 . Composition of the video sample in terms of gender, ethnicity and apparent age of the speaker. Inter-rater agreement is expressed by Kappa for gender and ethnicity, and the correlation (Pearson's r) between the two raters for age. Part 1. To build thin-slice videos, we extracted three 10-second video segments, one from each third of the video; each clip comprised the first segment from that third in which the speaker appeared on their own, with no information or equipment in the background to suggest the topic of their talk. The segments were joined in chronological order, giving 30 seconds of silent footage of the speaker, with a one-second blank between each segment.
Participants were told "You will be asked to view short, silent videos of people giving a TED talk, and to indicate your assessment of the person in the video on a social dimension." (Full instructions are provided in the Supplementary Materials.) Each participant saw all 100 thin-slice videos, and rated each speaker on either competence, sociability, morality, or physical attractiveness (e.g., "How COMPETENT is this person?"; Gheorghiu et al., 2017) . Participants were tested in individual cubicles with a break half-way through the session. Judgements were between 1 (Not at All) and 9 (Extremely); participants pressed "r" instead of providing a rating if they recognised the speaker. The video order was randomized for each participant, and the allocation of participants to traits was counterbalanced.
Part 2. Participants were told: "You will be asked to view videos of people giving a talk, and to indicate your assessment of the video on several dimensions." Each participant saw 5 full-length videos (excluding the intro, outro, and question time), and answered 7 questions after each video (Table 2) . Participants were tested in individual cubicles, and listened to the audio through identical over-the-ear headphones. Responses were between 1 (Not at All) and 9 (Extremely) for Q1-Q6 and Yes/No for Q7. The allocation of participants to one of 20 pre-determined sets of five videos was counterbalanced; the order of the videos in the sets was always the same. Participants' reaction times were recorded in both parts.
Question

Q1
How would you rate the overall quality of this scientist's research? Q2 How good were this scientist's ideas?
Q3
How easy to follow/comprehend was this scientist's presentation?
Q4
How engaging/entertaining was this scientist's presentation?
Q5
How much would you recommend that we show this video to the next group of participants?
Q6
How likely would you be to share this video on any social media platform?
Q7
Have you heard/read about this research before (not just this general topic, but this specific piece of research) or seen this scientist before? Table 2 . The set of questions asked after each video.
At the beginning of both stages, participants indicated their age, gender, nationality, and first language, and completed a questionnaire probing their engagement with science (Gheorghiu et al., 2017) .
The experiment was run using PsychoPy2 v1.84.2 (Peirce, 2007) on 21.5 inch LCD-screen computers (1920 x 1080 pixels). The videos were in mp4 format, 1280 x 720 pixels, 30 frames/second. All stimuli are available upon request.
Results
The data are available from the Open Science Framework (osf.io/a4jzr). Throughout, trials on which the participant recognised the video were excluded (135/7300 judgments in part 1; 116/10500 judgments in part 2). Table 3 . Cronbach's alpha values for the core social dimensions judged on the basis of thin-slice videos in part 1. After testing 16 participants, Morality had an alpha value below 0.7 (α = 0.61), so as per our pre-registered strategy the sample size was increased to 25; the final reliability is at a level conventionally labelled "questionable". Table 3 Table 4 gives the zero-order correlation matrix for the predictors and outcome variables.
Dimension
Competence, sociability and morality were significantly correlated, but with small-to-medium strength relationships; they were therefore treated as distinct variables. Neither video age nor video length correlated significantly with either research quality or entertainment value. In accordance with our registered analysis plan, these variables were therefore not considered further. Our results suggest that impressions formed from thin-slices of the videos do not predict the perceived quality of the research and the entertainment value of the full length talk. However, participants in Part 1 had slightly different contextual information from those in Part 2, because the former were not told that the speakers were giving a science talk. We therefore ran a supplementary study that replicated the competence rating task with a fresh sample of participants who were aware that the speakers were giving a science TED talk. The results were very similar to those of the main study, including no meaningful relationship between apparent competence and the outcome variables (Supplementary Materials).
Attract Comp
Exploratory Analyses
In an exploratory analysis, we computed Bayesian credible intervals and Bayes factors for the correlations between predictors and outcome (Table 4) using JASP's default prior (JASP Team, 2018) . All of the credible intervals span zero (Table 6 ) and the Bayes factors are all between 1 and 10, indicating that the data favour the null hypothesis in each case --by factors ranging from 1.76:1 to 7.99:1. Overall, our results suggest that first impressions based on thin-slices of TED talks do not predict the perceived research quality or entertainment value of the full length TED talks.
Predictors
Discussion
Our experiment produced 3 findings. First, we found further evidence that competence, sociability, and morality comprise distinct traits. In contrast to studies that have grouped the latter two dimensions into a single "warmth" construct, we found similar small-to-medium correlations between all three traits. This adds to theoretical and empirical work suggesting that morality is a distinct social attribution (Brambilla & Leach, 2014; Brambilla et al., 2011; Gheorghiu et al., 2017; Goodwin, 2015; Goodwin, Piazza, & Rozin, 2014) .
Second, our data indicate that people differentiate between the scientific quality of a researcher's work and the entertainment value of their communications. The dimensions on which members of the public evaluate science communications have received little attention from psychologists, and it will be important to conduct future work with a wider variety of evaluative judgment questions and behavioural outcome measures (e.g., whether the viewer actually forwards a link to the video to a friend), because the validity of our outcome variables has not yet been established. Nonetheless, the dissociation between entertainment value and research quality accords with recent evidence for the same distinction reported by Gheorghiu et al. (2017) , and implies that the research which garners the public's interest or approval may not be that which they judge to be of the highest quality, with corresponding implications for the use of social media sharing ("altmetrics") or public engagement as metrics against with which scientists are evaluated (Barnes, 2015) .
Our third and most important finding was of very little evidence that evaluations of TED talks are predicted by superficial characteristics of the speakers. Neither our multivariate analysis nor simple correlations found a meaningful association between any of the predictor variables and either of the two outcome measures. As is always the case with null hypothesis significance testing, a larger sample might have shrunk the confidence intervals on the measured effects sufficiently for them to exclude zero. However, our sample of video clips gave reasonably high power, and our post hoc Bayesian analyses indicate that the data provide non-trivial evidence in favour of the null for most of the predictor-outcome combinations under consideration, and never provide support for the alternative hypothesis. Likewise, although the null results involving the morality predictor might reflect the relatively low reliability of this variable, all of the other predictor and outcome variables showed very good consistency and reliability. In short, we can be reasonably confident that relationships between the predictor variables and the outcome measures are, at best, small.
What are the implications of this finding? Considering first the demographic variables, the fact that both the perceived scientific quality and the entertainment value of the communications were independent of the gender, ethnicity, and apparent age of the communicators is surprising, because there is high-profile evidence for gender discrimination in science (e.g., Moss-Racusin et al., 2012) . However, our results accord with recent research suggesting that the evidence for bias may be weaker than is often assumed (Williams & Ceci, 2015) , and that the considered opinions of a reasonably engaged viewing public may be relatively free from the influence of gender, age, or racial stereotypes (Gheorghiu et al., 2017) . competence, morality, sociability, and attractiveness. This seems unlikely because these traits are widely regarded as foundational attributions in social judgments (Feingold, 1992; Fiske, 2018; Goodwin, 2015; Wojciszke, 2005) , and because some of the predictors conceptually overlap with some of the outcomes. For example, competence encompasses intelligence, skill, and organization (Fiske, Cuddy, & Glick, 2007) , which are central to scientific ability. Indeed, Gheorghiu et al. (2017) found strong correlations between face-based assessments of competence and judgments of whether the person was a "good scientist". Our preferred explanation is therefore that the predictor traits are relevant to the outcome variables but the assessment of those traits from thin-slices is largely independent of the assessment based on viewing the full video. In other words, people's superficial impressions of a TED speaker's competence, sociability, morality, and attractiveness may be overwhelmed by other sources of information about these traits.
Why would this happen for the science communication outcomes studied here, when judgments of competence, warmth, and attractiveness made on the basis of facial appearance have been found to predict electoral, legal, and financial outcomes? One possibility is that publication bias has obscured null results in those domains. Another is that our motivated participant sample and controlled testing conditions meant that participants attended closely to the content of the talksperhaps more than some voters in a congressional election, for example, who may not engage much with campaign materials beyond the photograph of the candidate; likewise, students providing teacher evaluations (which are often influenced by attractiveness and can be predicted from thinslice evaluations; Ambady & Rosenthal, 1993; Talamas, Mavor, & Perrett, 2016) may lack the motivation to consider all relevant factors, or be responding in noisy environments where only the most salient social cues are considered. A related possibility is that the scientific nature of the communication encourages a more deliberative approach to evaluating the talk; society tolerates and sometimes encourages going with one's "gut reaction" about a politician or a financial decision (e.g., Kandasamy et al., 2016) , but a central feature of scientific work is that it should be considered dispassionately (Shapin, 1996) . Notably, although Gheorghiu et al. (2017) found that people rated science news stories more favourably when they were purportedly written by a more competentlooking scientist, the effect was quite small, despite this study contrasting some of the lowest-and highest-scoring faces on the competence dimension. A 10-minute TED talk provides even more information than does a written article, and this information, when presented to participants who are motivated and able to process it fully, may drown out the effects of superficial visual cuesalthough our exploratory analysis of viewing figures suggest that the thin-slice cues may not be predictive even under noisier viewing conditions.
In short, while we cannot disentangle the various possible explanations for our null results, we tentatively attribute our null results to wealth of information available when people view full talks but which was not accessible to people who viewed short, silent clips. However, this conclusion is speculative, and our results are tempered by several caveats and methodological limitations.
Although we recruited participants from both inside and outside our university, we recruited more females than males, and our participants typically had above-average education and may well have had higher than usual interest in scientific research. In mitigation, the latter is also likely to be true of "real world" viewers of TED talks, but nonetheless we cannot tell how far our results generalize to that population or to other groups.
Similarly, our procedures do not perfectly capture ecological viewing conditions and behavioural outcomes: we had participants watch 5 videos in an individual testing cubicle and evaluate them with rating scales, rather than (for example) viewing a single talk on a home computer, perhaps with friends, and deciding how much to watch, whether to share it, or what comments to type on a social media page. Our controlled, lab-based approach was driven by the aim of exploring the factor structure of talk-evaluations (which requires judgments on multiple dimensions) and by our interest in the processes by which people evaluate scientific talks when they are engaged with them and exposed to the entirety of the presentation. Our exploratory analysis of real-world viewing data produced the same null results as our lab studies, but we offer this finding with caution: TED talks are hosted on many different platforms, so it is impossible to obtain total viewing figures, and viewing numbers are shaped by extraneous variables (e.g., positive feedback loops; Salganik, Dodds, & Watts, 2015) and may not reflect the perceived quality of the talk.
A final limitation is that our approach was correlational; had we found a relationship between thin-slice judgments and communication outcomes, it might have been because (for example), more competent-looking people really do have better scientific ideas. (For this to explain our results, one would have to assume that thin-slice judgments are negatively correlated with the quality of a talk's content and structure, and that people who view complete talks integrate both sources of information when making their judgments.) In future it would be good to have a new group of raters evaluate the talk transcripts in order to examine whether thin-slice evaluations predict the quality of a talk's content and structure when superficial cues have been stripped away completely. Likewise, an audio-only rating task would allow us to assess the contribution of vocal cues to impressions and evaluations.
The present work provides an important first step towards understanding the social cognition of video-based science communication. Our results suggest that people's evaluations of such communications are relatively independent of their physical characteristics and of attributions made on the basis of thin-slices of their behaviour. This is potentially heartening news given the importance of effective science communication to the development of informed and engaged citizenry, and to the careers of scientists, but it will be important to explore the generality of our findings to other stimuli, populations, and viewing conditions.
